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1 

NEW USE 

This invention relates to a new use of a low molecular weight fhrombin 
inhibitor. 

5 

Combined Iddney-pancieas transplantation has become a valid therapeutic 
option for the treatment of Type I (insulin-depradent) diabetes with end* 
stage diabetic nephropathy, in view of the feet that it restores metabolic 
control, improves quality of life and reduces the high mortality rate usually 
10 found in this gcoup of patients. 

80% of the patients subjected to kidney-pancreas transplantation are still 
alive after 10 years, in sharp contrast to the 20% survival rate of those 
receiving a kidney alone. 

15 

However, in view of the surgical risk that is involved, as well as the post- 
operative complications that often result, pancreas transplantation is 
typically only offered to patients with end-stage diabetic nephropathy. 

20 In view of this lack of availability, an alternative method of potentially 
reducing insulin-dependency involving the transplantation of isolated islets 
of Langerhans has been developed. 

Altfaougih several tran^lantation sites have been evaluated in experimental 
25 models, only intraportal transplantation has been established thus far for 
islet transplantation in the clinical setting. 

Islet transplantation is easy to perform and safe, though for many years the 
clinical outcome was markedly inferior when compared to fiill pancreas 
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transplantation, in that only 8% of patients were insulin-independent 1 year 
after transplantation, as opposed to about 70% with fiill kidney-paacreas 
transplantation. These poor results serve to demonstrate that only a small 
proportion of the islet mass proceeds to engraft efiCectively following this 
5 kind of transplantation. 

A recrat breakthrough discovery by Shapiro et al (iST, Engl J. Med.^ 343, 
230 (2000)) demonstrated that insulin independence could .be fir more 
readily obtained by treatmg fhe patient with repeated transplants of islets 
10 from more than one donor. 

By way of investigation into possible reasons for the poor results observed 
in the case of single donor transplants, an in vitro islet perfusion system that 
mimics die situation in vivo immediately after transplantation of islet cells 
15 into the portal vein was devised (Bennet et al^ Diabetes^ 48, 1907 (1999)). 
This study demonstrated diat exposm:e of human islets to ABO compatible 
blood in vitro induces a far-reaching series of inflammatory events, namely 
activation of die coagulation and conrplement systems, rapid binding and 
. activation of platelets and binding of leukocytes, together residting in 
20 disruption of islet integrity. Intraportal transplantation of allogeneic islets 
was shown to cause a similar chain of events in vivo in the pig. 

The detrimental ejOfects of this instant blood-mediated inflammatory reaction 
(IBMIR) could provide a e7q)lanation for the relatively low success rate of 
the islet transplantation procedure and/or the need of islets from several 
donors in order to obtain normoglycemia. 

Bennet et al also reported that a combination of heparin and soluble 
recombinant CRl (complOTient inhibitor), but, interestingly, not the 
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individual substances alone^ prevented most of the disraption of nonml islet 
moxphology and infiltration of the islets. Despite this preventative e£fect, a 
thin layer of platelets and fibrin could still be observed on the islet siu&ce. 
See also international patent application WO 00/45837- 

Hence there remains a clinical need for an efTective means of increasing 
post-operative insulin-independence following treatment of Type I diabetic 
patients, e.g. by transplantation of islets of Langerhans, and particularly 
procedures involving single transplantations of islets firom a single donor. 

International patent {qf)plication WO 94/29336 discloses a group of 
compounds that are useful as inhibitors of serine proteases, such as 
thrombin and/or kininogenases. The thrombin-inhibiting compounds are 
thus indicated as anticoagulants, and flie Idninogenase-inhibiting 
compounds as anti--inflammatoiy agents. The use of the compounds in tiie 
treatment of diabetes and/or the transplantation of cells, such as islets of 
Lanigerhans, is neither disclosed nor suggested. 

One of the thrombin-inhibiting conipounds that is q>ecifica]ly disclosed in 
WO 94/29336 is HOOC-CH2-(i?)Cgl-Aze-Pab-H (wherein Cgl represents 
cyclohexylglycinyl, Aze represents (iS)-azetidine-2-carboxyl, and Pab 
represents /^ara-amidinobenzylamino), which is also known as melagatran 
(see Example 1 of WO 94/29336). 

International Patent Application WO 97/23499 discloses prodrugs of irUer 
alia melagatran. Again, the use of the compounds in the treatment of 
diabetes and/or the transplantation of cells, such as islets of Langerhans, is 
neither disclosed nor suggested. 
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International patent application WO 00/41716 discloses tiie use of 
melagatran and derivatives ttiereof in the treatment of inflammation. The 
use of melagatran in the treatment of IBMIR, diabetes and/or the 
transplantation of cells, such as islets of Langerhans, is neither mentioned 
5 nor suggested. 

We have now found tbst melagatran almost conopletely inhibits IBMIR, 
including complement activation and &e activation and binding of platelets 
to islets of Langerhans, and fliat flierefore melagatran and derivatives 
10 thereof are potentially useful in the treatment of diabetes. 

According to a first aspect of the invention there is provided the use of 
mel^atran, or a pharmaceutically-acceptable derivative thereof, for the 
manufacture of a medicament for the treatment of Type I diabetes mellitus. . 

15 

The term *Type I diabetes mellitus*' wiU be understood by those skilled in 
the art to include insulin-dependent diabetes (IDD). 

Melagatran and derivatives thereof may find particular utility in treatments 
20 of Type I diabetes in which transplantation is involved. Such 
transplantation may involve kidney transplantation, pancreas transplantation 
or combined kidney-pancreas transplantation, but preferably involves 
transplantation of cells, such as insulin-producing cells or precursors 
thereof. Preferred insulin-producing cells include islets of Langerhans. 
25 Precursors of insulin-producing cells include pregenitors of such cells, such 
as stem cells, which may be injected mto the pancreas using tedmiques 
known to those skilled in the art and thereafter develop into insulin- 
producing cells. 
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Thus, accordmg to a fiirflier aspect of the invention there is provided the use 
of melagatran, or a pharmaceutically-acceptable derivative thereof for the 
manufecture of a medicament foruse in amelJiod of transplantation of cells, 
includmg msulin-producing ceUs or precursors thereof, such as islets of 
Langerhans or stem cells. 

Preferred islets of Langeihans include beta cells (i.e. pancreatic insulin- 
producing cells) but the use according to the invention is not restricted to the 
transplantation of such ceUs. Transplantation may involve isolated or 
multq)le procedures and cells may be obtained for use in such (a) 
procedure(s) from one or more donors. Preferred procedures may involve 
single tran^lantation from a single donor. 

We have found that melagatran and derivatives thereof may enhance the 
engraftment of islets of Langerhans in Ihe Uver following transplantation 
(such as intraportal transplantation), when compared to engraftment 
following transplantation in the absence of melagatran/derivatives. 

There is thus provided the use of melagatran, or a pharmaceutically- 
acceptable derivative thereoi^ for &e manufecture of a medicament for use 
in a method of: 

(a) engraftment of islets of Langeifaans, for example in the Uver, and 

(b) improving insulin-independency (e.g. achieving noimoglycemia) in 
patients having Type I diabetes. 



There is ftirther provided the use of melagatran, or a pharmaceutically 
acceptable derivative thereof, for the manufactoire of a medicament for 1h< 
Heatment of IBNOR. 
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The term 'IBMIR^ (instant blood-mediated inflammatoiy reaction) when 
used in this context includes the series of inflammatory events that is known 
to occur following transplantation of islets of Langerhans into the portal 
vein, namely activation of the coagulation and complement systems, as well 
5 as rapid binding and activation of platelets and binding of leukocytes, which 
events may lead to a disruption of islet integrity. 



For the avoidance of doubt, the term *treatment^ includes both th^peutic 
and prophylactic treatment By prophylactic treatment, we include 
prevention (inhibition) of flie progress o^ for example, IBMIR. 

'Tharmaceutically-acc^table derivatives*' of melagatran includes salts (e.g. 
phannaceutically*acceptable non-toxic organic or inorganic acid addition 
salts) and solvates. It will be appreciated that the term further includes 
15 derivative that have, or provide for, Ae same biological fimction and/or 
activity as melagatran. Thus, for the purposes of this invention, the term 
also includes prodmgs of nielagatran. ''Prodrugs'* of melagatran include any 
composition of matter that, following oral or parenteral adnunistration, is 
metabolised in vivo to form melagatran in an e^qperimentally-detectable 
20 amount, and within a predetermined time (e.g. within a dosing interval of 
between 6 and 24 hours (i.e. once to four times daily)). For the avoidance 
of doubt, the term "parenteral" administmtion includes all forms of 
administration other than oral administration. 

25 Prodrugs of melagatran that may be mentioned include those disclosed in 
intOTiational patent application WO 97/23499. Preferred prodmgs are those 
of the formula Rl02C-CH2-(^)Cgl-Aze-Pab-OH (see flie list of 
abbreviations above or in WO 97/23499), wherem represents Ci.io 
alkyl or benzyl, such as linear or branched Ci^ alkyl (e.g. Ci^ alkyl. 
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especially methyl, «-propyI, /-propyl, r-butyl and, particxilarly, ethyl) and the 
OH group replaces one of the axnidino hydrogens m Pab. 

In accordance with the invration, melagatran and derivatives thereof may be 
5 administered orally, intraportally, intravenously, subcutaneously, buccally, 
rectally, dermally, nasally, tracheally, bronchially, topically, by any otiier 
parenteral route or via inhalation* 

Melagatran and derivatives thereof may be administered in the form of a 
10 pharmaceutical preparation comprising melagatran in a pharmaceutically- 
acceptabie dosage form. Depending on the patient to be treated, as well as 
the route of administration, such compositions may be adnoinistered at 
varying doses. 

15 Preferred modes of delivery are systemic* For melagatran and derivatives . 
thereof, preferred modes of admioistration are parenteral (more preferably 
intravenous, and especially intraportal) or oral. Such modes of 
administration may be found to provide for maximisation of the 
concentration of melagatran/derivative in the liver following administration. 

20 

In the treatment of Type I diabetes, melagatran and derivatives thereof are 
prefimbly co-administered along witii islets of Langerhans in an islet 
transplantation process. 

25 According to a stiU flulher aspect ofthe invention there is provided a kit of 
parts comprising components: 

(a) a first component comprising melagatran or a pharmaceutically- 
acceptable derivative thereof; and 
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(b) a second component comprising cells, for example insulin-producing 
cells or precursors thereof, such as islets of Langerhans or stem cells, 
which components (a) and (b) are each provided in a form that is suitable 
for administradon in conjimction with the other, and axe also suitable for 
sequmtial, sq)arate and/or simultaneous use in the treatmmt of Type I 
diabetes and/or a method of cell transplantation. 

Components (a) and (b) may thus be provided in tbe form of (as 
appropriate) melagatran/derivative, or cells, along witii a phannaceutically- 
acceptable adjuvant, diluent or carrier. 

According to a further aspect of the invention, there is proAaded a method of 
making a kit of parts as defined above, which method comprises bringing a 
component (a), as defined above, into association with a component (b), as 
defined above, thus rendering the two componrats suitable for 
administration in conjunction with each other. 

Thus, there is fiirdier provided a kit of parts comprising: 

(I) one of components (a) and (b) as defined herein; together with 

(II) instructions to use that component in conjimction with the other of the 
two components. 

With respect to &e kits of parts as d^oribed herein, by ^administration in 
conjunction witii^', we include that respective components (a) and (b) are 
administered, sequentially, separately and/or simultaneously, over the 
course of treatment Further, die term *Hn conjunction with** includes that 
one or otiier of flie two components (a) and (b) may be administered prior 
to, after, and/or at the same time as, administration with the other 
component. When used in this context, the terms ^'administered 
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simultaneous V and "administered at the same time as*' include fliat the two 
conq>onents are administered within 48 hours (e.g. 24 hours) of each other. 

When separate components are administered^ the sequence in which they 
5 may be administered (i.e. whether, and at what pomt, sequential, separate 
and/or simultaneous administration takes place) may be determined by the 
physician or skilled person. 

In the therapeutic treatment of maraijaals, and especially himians, 
10 melagatran/derivatives will be administered as pharmaceutical formulations 
in admixture with pharmaceutically-acceptable adjuvants, diluents or 
carriers, which may be selected with due regard to the intended route of 
administration and standard pharmaceutical practice. 

15 Suitable formulations for use in administering melagatran and derivatives 
(including prodrugs) thereof are described in the literature, for exan5>le as 
described in inter alia international patent applications WO 94/29336, WO 
96/14084, WO 96/16671, WO 97/23499, WO 97/39770, WO 97/45138, 
WO 98/16252, WO 99/27912, WO 99/27913, WO 00/12043 and WO 

20 00/13671, ihe disclosures in which documents are hereby incorporated by 
reference. Otherwise, the preparation of suitable formulations may be 
achieved non-inventively by the skilled person using routine techniques. 

According to a further aspect of tiie invention there is provided a 
25 pharmaceutical formulation for use in the treatment of Type I diabetes 
comprising an effective amount of melagatran, or a pharmaceutically- 
acceptable derivative thereof; in admixture with a pharmaceutically- 
acceptable adjuvant, diluent or carrier. 
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The amounts of melagattan/derivative in the respective formiilation will 
depend on the severity of the condition, and on the patient, to be treated, as 
well as the coinpound(s) which is/are employed, but may be detemuned 
non-inventively by the skilled person. 

Suitable doses of melagatran/derivatives in the treatment of mammalian, 
especially human, patients may be determined routinely by the medical 
practitioner or other skilled person, and include the respective doses 
discussed in the prior art documents tiiat are mentioned hereinbefore, the 
relevant disclosures in which documents qre hereby incorporated by 
reference. 

In the case of melagatran, suitable dos« of active conq)ound, prodmgs and 
derivatives thereof in flie therapeutic and/or prophylactic treatment of 
mammalian, especially human, patients include those which give a mean 
plasma concentration of up to 5 jmiol/L, for example in the range 0.001 to 5 
|imol/L over the course of treatment of the relevant condition. Suitable 
doses may thus be in flie range 0.1 mg once daily to 25 mg three times daily, 
and/or up to 100 mg infiised parenterally over a 24 hour period, for 
melagatran, and in Ae range 0.1 mg once daily to 100 mg three times daily 
for prodmgs of melagatran including those specifically mentioned 
hereinbefore. 

In any event, the physician, or tfie skilled person, will be able to detennine 
tiie actual dose which will be most suitable for an individual patient, which 
is likely to vary with the age, weight, sex and response of the particular 
patient to be treated. The above-mentioned dosages are exemplary of the 
average case; there can, of course, be individual instances where higher or 
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lower dosage ranges are merited, and such are within the scope of this 
invention. 

Transplantation of islets of Langerhans may be achieved by way of routine 
5 techniques, for example, by suspending them in an appropriate bufifer, 
followed by injection and/or mfusion of such a suspension mto flie portal 
vein via a transh^atic syringe or a catheter, m as described in by Boker et 
al in World J. Surg., 25, 481 (2001) (the relevant disclosure in which 
document is hereby incorporated by reference), or as described hereinafter. 

10 

According to a further aspect of the invention there is provided a method of 
treating Type I diabetes, which comprises administering a therapeutically- 
effective amount of melagatran, or a pharmaceutically-acceptable derivative 
thereof, to a patient in need of such treatment. 

IS 

The uses and methods described herein may have the advantage that, in the 
treatment of Type I diabetes, and in particular in the alleviation of insulm 
dependence in patients with Type I diabetes by way of transplantation of 
islets of Langerhans, melagatran and derivatives thereof may not possess 
20 disadvantages of known therapies. 

The invention is illustrated, but in no way limited, by the following 
example, in which: 

25 Figure 1 illustrates changes in various biological markers in human islets 
mcubated in tiie tubmg loop model filled with ABO-compatible blood 
containing melagatran at concentrations ranging from 0 to 10 jiM. Panel A 
illustrates changes in platelet particle count (white squares) and the release 
of p-TG (black circles). Panel B illustrates changes in prothrombm 
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fragment 1+2 (white squares), TAT (black circles) and FXIa-AT (black 
bars). Panel C illustrates changes in lymphocyte (black circles), monocyte 
(white squares) and PMN (black bars) particle counts. The values represent 
data minus the medium control (no islets or melagatran) after 60 minutes 
5 and are eTqiressed as percentage of the values for the untreated control 
containing human islets but no melagatran. 

Figure 2 illustrates changes in tiie generation of soluble C3a (white squares) 
and boimd C3 fragments (black squares) in a serum model with no islets 
10 present, and changes in soluble C3a (black circles) in the tubing loop model 
contaming islets in ABO-compatible blood with melagatran at 
concentrations of 0 to 10 fiM. 

Example 

15 Effect of Melagatran on IBMER 
Materials and Methods 

Islet isolation 

20 Pancreases were obtained from cadaver donors after consent was obtained 
either from the organ donor registry or from relatives. The organs were 
obtained from three female and two male normoglycenwc donors (aged SP- 
SS years, three with blood group 0 and two with blood group A). The islets 
were isolated at the Division for Clinical Immunology at the University of 

25 Uppsala using a modification of previously described semiautomated 
digestion-filtration methods (Brandhorst et al^ Cell Transplant.^ 7, 489 
(1998) and Ricordi et al. Diabetes, 37, 413 (1988)). This isolation 
procedure was followed by firrther purification on a continuous density 
gradient in a refrigerated COBE 2991 centrifiige (COBE Blood Component 
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Technology, Lakewood, CO, USA). The islets were placed in untreated 
culture flasks and maintained in suspension culture at SV'C (5% CO2) for 1 
to 5 days. The culture medium (CMRL 1066; ICN Biomedicals, Costa 
Mesa, CA) was changed every other day. The volume and purity of the 
islets were determmed by microscopic sizing on a grid after staining with 
diphenylthiocaibazone. The purity of the islet preparations used in this 
study ranged from 40% and 95% (70 ± 6.3%) (amount of endocrine 
compared to exocrine/duct tissue in the preparation; mean ± SD). ViabiUty 
was assessed in terms of insulin secretion in response to a glucose challenge 
in a dynamic perfusion system (in 1.67 mmol/L glucose, then in 16.7 
mmol/L, and finally back to 1.67 mmoVL). 

Heparin treatment 

All materials fliat came in contact with whole blood were furnished wifli a 
Corline heparin surfece (Corline, Uppsala, Sweden) according to flie 
manufacturer's recommendation (see J. Clin. Immunol, 16, 222 (1996)). 
The surface concentration of heparin was 0.5 ng/cm2, corresponding to 
approximately 0.1 U/cm2, ^ith an antithrombin binding cecity of 2-4 
pmol/cm^. 

Preparation of blood 

Fresh human blood, obtained from healthy volunteers who had recdved no 
medication for at least 14 days, was collected in surfece-hepariniTBd 60-mL 
syringes (18 gauge, Microlahce; Becton Dickinson, Franklin Lakes, NJ). 
The cannulae of the syringes were connected to surface-heparinized-silicon 
tubing. During saiiq>ling, the syringes were rotated continuously. 
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Tubing loops as a model 

A modification of the model previously described was used (see Bennet et 
al. Diabetes, 48, 1907 (1999), Gong et al, J. dm. ImnumoL, X6, 222 
(1996) and Larsson et al, Inmumopharmacology, 38, 119 (1997)). This 

5 device consisted of loops made of PVC (diameter, 6.3 mm; length, 390 mm) 
whose inner surface was fiimished with immobilized heparin* The tubing 
was held together with a specially designed heparinized connector. A 
circular loop was formed when the ends of the connector were tightly 
pushed into the lumen of the tubing ends. A rocking apparatus, placed in a 

10 37^C incubator, was used to generate blood flow inside tibe loops. The loops 
were rocked at a setting fliat prevented the blood from coming into contact 
with the connectors. Up to twelve devices could be rocked at the same time. 
Ten 60-min islet experiments were performed, with islets isolated from five 
different donors. Melagatran (AstrdZeneca R&D Mdhidal, Sweden), 

15 dissolved in 5 mM citrate buffer containing 0.15 M NaCl, pH 5.5, was 
tested at 0, 0.4 jiM, 1 jiM, 4nM, and 10 |iM. For each experimCTit, two 
loops of fresh human blood without islets, one containing CMRL 1066 
(GibcoRBL, USA) and one containing 10 \iM melagatran, were included as 
controls. Fresh ABO-compatible hiunan blood from the same donor (5 mL) 

20 was added to each loop. The loops were placed on the rocking device for a 
lO-min preincubation wifli melagatran or citrate buffer. Thereafter, the 
loops were opened, and ISO of CMRL 1066, with or without 4 jiL of 
islets (approximately 4,000 IE(2), was added to the loops, followed by 
another 60-min incubation on the rocking device at 37*^C- Blood glucose 

25 levels were measured with a glucometer (Glucometer Elite; Bayer 
Diagnostics, Leverkusen, Germany) before the perftision. After ev^ry 
perfiision the loop contents were filtered through 70 jim-diameter filters 
(Filcons, Cuptype; DAKO, Denmark). Both macroscopic blood clots and 
tissue recovered on the filt^ were frozen in liquid nitrogen for 
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imnumohistochemical staining. For immunohistochemical comparison, 
non-perfUsed islets were also fix>zen and stained by the same proceduie* 
The remaining filtered blood was collected in 4.1 mM EDTA (final 
concentration) and used for hematologic analysis (platelets, lymphocytes, 
5 monocytes, and granulocytes) and assays of coagulation activation 
(prothrombin fragments 1+2, ^ombin-anti&rombin [TAT] and factor Xla- 
antitibrombin complexes [PXIa-AT])> complement activation (C3a and 
sC5b-9), platelet activation (p-fluomboglobulin [P- TG]), and insulin. 
Samples taken at 0 mm were also included In these samples, the blood was 
10 not added to the tubing loop but was instrad transferred immediately to &e 
EDTA-containing tubes. The blood samples were centrifuged at A^'C at 
3290 X g for 20 minutes, and &e plasma was collected and stored at •TO^'C 
prior to analysis. 

15 Activation of complement in wells of microtiter plates 

The direct effect of melagatran on die complement system was studied using 
a method in which serum was incubated in the wells of microtiter plates 
(Nilsson et al, MoL Immunol^ 30, 211 (1993)), Serum (lOOjiL) was 
added to each well of a 96-well microtiter plate together with melagatran at 

20 a final concentration of 0, 0.4, 1, 4, or 10 |iM. After a 30-min incubation at 
37X, the serum was transferred to tubes confining EDTA (final 
concentration, 10 mM)« These samples were stored at -70^C before analysis 
of the complement fiiagment C3a (see below). In order to detect bound C3 
fragments, die wells of the microtiter plates were washed with PBS 

25 containing 0.05% (v/v) TWEEN 20 and incubated with 100 jiL of 
horseradish peroxidase (HRP)-conjugated anti-C3c (DAKO AS, Glostrup, 
Denmark) for 60 min at %TC. The binding of antibody was detected by the 
addition of 1,2-phenylendiamine dihydrochloride (Fluka, Switzerland), and 
the staining was monitored at 492 nm. 
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Blood and plasma analysis 

Platelet counts and differential leukocyte counts were analyzed on a 
Coulter ACT-diff analyzer (Beckman Coulter, FL, USA) using EDTA- 
treated blood. 

5 

Enzyme immunoassays (EIA) 

A. Prothrombin Fragment 14-2 and Thrombin-Antithrombin (TAT) 
Plasma levels of prothrombin fragment 1+2 and TAT were quantified using 
conmiercially available EIA kits (Enzygnost Protiurombin, fragments 1+2; . 

10 TAT, Behringswerke, Marburg, Geraiany). The values are given as nmol/L 
and ^ig/L, respectively. 

B. Factor XIa>antithrombin (FXIa-AT) 

Complexes between FXIa and AT were measured in plasma according to 
the method of Sanchez et al, Thromb. Res.^ 89, 41 (1998). Values are 
15 expressed as fimol/L« 

C. p-^thromboglobulin f B-TG> 

p-TG was analyzed in EDTA-plasma using Asserachom (Diagnostica Stago, 
Asnieres-sur-Seine, France). The values are expressed as HJ/mL. 

D. C3a 

20 EDTA-plasma was analyzed as previously described (Nilsson Ekdahl et al^ 
Scand. J. Immunol, 35, 85 (1992)). Monoclonal antibody 4SD173 was 
used as ceqpture antibody. Bound C3a was detected with biotinylated 
polyclonal anti-C3a followed by HRP-conjugated streptavidin (Amersham, 
Buckinghamshire, UK). Zjnnosan-activated serum, calibrated against a 

25 solution of purified C3a, served as a standard, and the values are given as 
ng/mL. 

E. sC5b-9 

Plasma was analyzed using a modification of the EIA described by MoUnes 
et al (see Scand. J. Immunol, 35, 85 (1992) and Artif. Organs, 19, 909 
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(1995)). EDTA-plasma was added to microtiter plates coated with mAb 
anti-neoC9. sC5b-9 was detected by polyclonal anti-C5 antibodies 
(DAKO), followed by HRP-conjugated anti-rabbit inmnmoglobulin 
(DAKO). Zymosan-activated serum, defined as containing 40,000 arbitrary 
s units (AU/mLX served as the standard. The values are given as AU/inL. 
F. Insulin 

Plasma concentrations of insulin were analyzed before and after islet 
perfusion with a commercial EIA kit (DAKO). Values are giv^ as pmol/L. 

10 Immunohistochemical staining 

Islets and macroscopic clots recovered on filters after perfusion widi blood 
and various concCTtrations of melagatran were collected in an embedding 
medium (Tissue-Tek; Miles, Eckhart, IN, USA) and snap-frozen in liquid 
nitrogen. Islets were sectioned and subsequently stained with HRP- 

15 conjugated mouse anti-human CD41a (R&D Systems, Abingdon, UK) and 
anti-CDl lb (Clone 2LPM 19c, DAKO). 

Statistical analysis 

Because of individual variation in blood cell co\mts and in plasma 
20 parameters, the changes were either calculated as a percentage of the values 
obtained in the medium control loop (for blood cells) or as a ratio of the 
values obtained in the experimental loop and in the islet loop with no 
melagatran. All results are expressed as mean ± SEM. Mean values were 
compared using Friedman ANOVA (Analyse-It, version 1 .44, Software Ltd, 
25 UK). The significance was determined at a=K).05. The data presented in 
Figs. IB, C and 2 represent the net values after subtraction of the data for 
the 0-min samples. 



Results 



18 



Islet function is not affected by melagatran 

To confoxn that melagatran had no adverse effect on islet fiinction, we 
5 tested this inhibitor at the highest concentration used in the loop 
experiments (10 ^M) in an islet perfiision system. Perfiision of islets wilh 
10 melagatran did not induce insulin release, and subsequent glucose 
stimulation (16«7 mmoI/L) was also normal. 

10 Perfusion of human islets with fresh human ABO-compatible blood in the 
tubing loop model 

With reference to Table 1. Glucose concentrations in the blood before islet 
perfusion ranged from 4.5-7.4 mmol/L. After a 60-min incubation of fresh 
non-anticoagulated human blood without islets in the control tubing loops, a 

15 slight drop was seen in the blood cell counts when compared with tiie 0-min 
samples. In addition, increases (3- to nearly SO-fold) in the coagulation 
(TAT, prothrombin fragment 1+2, and FXIa-AT), platelet (p-TG), and 
complement (C3a and sCSb-9) parametm were also seen. All of these 
alterations, however, were in absolute values small and considered to be 

20 normal backgroimd changes resulting from interactions of the blood with 
the tubing surface and the fluid-air intexphase. In tubing loops without 
melagatran, nearly all the platelets were consumed after 60 ^tm 
concurrently with a pronounced secretion of p-TG. Granulocjrtes and 
mono(^rte5 were also consumed after 60 min, while lymphocytes were 

25 essentially unaffected In addition, in the absence of melagatran, 
macroscopic clottmg was seen and was accompanied by a significant rise in 
TAT, prothrombm fragment 1+2, and FXIa-AT complex levels. Marked 
increases in the complement activation product C3a and in plasma insulin 
levels were also observed, also sCSb-9 increased but to a lesser extent 
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Table 1 



Blood cell counts, coagulation and complement parameters before and after 
60 mm of human islet perifusion with fresh ABO-conq)atible blood 

s 





0 min 


60 min 








Islets 




NoMets* 


No&lets* 


No melagatian 


10 |iM metegatran 


n 


10 


10 


10 


10 


Platelets (xlO^/L) 


240±11 


16Q±7.6 


2.4±1.V 


170±8.2* 


LymphocytesCxltf/L) 


2.2dt0.1 


2.0±0.1 


1.7±0.1 


2.0±0.1* 


Monocytes (xlO^/L) 


0.4±0.0 


0.5±0.1 


0.1±0.0^ 


0.6±0.1* 


Granulocytes (xVf/L) 


4.0±0.3 


3.8±0.3 


1.0±0.1* 


3.7±0.3* 


TATOig/mL) 


9.4±2.2 


470±87 


16000±2900* 


890±160* 


Prothrombin Fl +2 


1.5±0-2 


25±5.1 


VXXtiilSQl' 


110±28* 


(lunol/L) 










PXIa-ATOimol/L) 


0.02±0.0 


0.4±0.1 


14±2.6' 


0.9±0.6* 


P-TG (IU/mL> 


520±130 


1300±180 


4000±4SO 


1300±200* 


C3a (ng/niL) 


120±15 


530±62 


950±140^ 


510±50* 


sC5b-9 (AU/mL) 


24±3.4 


130±16 


180±31 


14Q±17.0 


Insulin (mU/L) 


12db4.3 


10±4.0 


460±140* 


1500±350* 



Control containing blood and medium, but no islets 
^ Significant difference when compared to the control loop after 60 min 
of perfusion 

10 t SignijBcant difference when compared to the islet loops with no 
melagatian 

Melagatran inhibits SSMIR in a dose-dependent way 
Melagatran diminished cell consumption and cascade system activation in a 
IS dose-dependmt manner (Table 1; Fig. 1 A-C). An effect on most parameters 
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was observed already at concentrations as low as 0.4 ^iM. The cell counts 
were fiiUy restored at >4 jiM (Figs. lA, IC), The release of p-TG Avas also 
nonnaUzed at flie same dosage (Fig. 1 A). The coagulation parameters TAT 
and FXIa-AT decreased to nearly the same level as flie medium control at 4 

5 ^iM melagatran> but inhibition of prothrombm fragment 1+2 formation 
required higher doses of melagatran (Fig. IB). In parallel with the FXIa-AT 
and TAT complexes, the complement activation product C3a was also 
inhibited by melagatran (Fig. 2). In order to uivestigate whether 
melagatran had any direct effect on flie complement system, its effects were 

10 tested in human serum in which complement was activated on flie 
polystyrene surface of microtiter plate wells (Fig. 2). Melagatran had no 
effect on the binding of C3 fragments to the polystyrene surface or on the 
genmtion of C3a, indicating that it does not directly affect the complement 
serine proteases. 

15 

Immunohistochemical staining of human islets after perfusion in the tubing 
loop model 

After 60 min of perfusion the islets were consistently found to be CToibedded 
in clots. Immunohistochemical staining wiA anti-CD4la monoclonal 

20 antibody showed a capsule of fibrin and platelets surrounding the islets. In 
addition, there was an accumulation of CD 1 lb"*" PMN and monocytes in tiie 
thrombi, many of which were seen to penetrate into fiie islets. In contrast, 
islets that had been incubated with fresh human blood in the presence of 10 
melagatran showed no signs of clot formation. There were almost no 

25 CD41+ platelets surrounding Ihe islet surfece, and only a few CDl lb+ cells 
were found to have penetrated into the islets. No CD41+ or CDllb**" 
staining was observed in control islets that had not been exposed to blood. 
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These results demonstrate that melagatran abrogated IBMIR in vitro and is 
tiierefore potentially of use in tibe transplantation of islets of Langerhans and 
thus in the treatment of diabetes. 
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Claims 

L The use of melagatran, or a pharmaceutically-acceptable derivative 
thereof for flie manu&cture of a medicament for the treatment of Type I 
5 diabetes mellitus. 

2, The use of melagatran, or a pharmaceutically-acceptable derivative 
thereof, for the manu&ctore of a medicamrat for use in a method of 
transplantation of cells. 

10 

3. The use as claimed in Qaim 2, wherein the cells are insulin- 
producing cells or precursors tiiereof. 

4. The use as claimed m Claim 2 or Claim 3, wherein the ceUs are islets 
15 of Langerhans. 

5, The use as claimed in Claim 3, wherein the precursors of insulin- 
producing cells are stem cells. 

20 6. The use of melagatran, or a pharmaceutically-acceptable derivative 
thereof, for the manufacture of a medicamrat for use in a method of 
engrafting islets of Langerhans. 

7. The use as claimed in Claim 6, wherein the islets engraft in the liver. 

25 

8. The use of melagatran, or a phamMceutically-acceptable derivative 
thereof for the manu&cture of a medicament for use in a method of 
improving insulm-indepradency in patients having Type I diabetes mellitus. 
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9. The use of melagatran, or a pharmaceuiically-acceptable derivative 
thereof, for the manufacture of a medicament for tiie treatment of instant 
blood*mediated inflammatory reaction. 

5 10. The use as claimed in any one of Qaims 1 to 9, wherein the 
derivative of melagatran is a prodrug of melagatran* 

11. The use as claimed in Claim 10, wherein the prodmg is of the 
formula 

10 Rl02C-CH2-(/2)Cgl-Aze.Pab-OH, . 

wherein r1 rq>resents linear or branched Ci^g alkyl and the OH group 
replaces one of the amidino hydrogens in Fab. 

12. The use as claimed in Claim 1 1, wherein represents methyl, ethyl, 
15 n-propyl, i-propyl or t-butyL 

13. The use as claimed in Claim 12, wherdbi R^ represents e&yl. 

14. A metiiod of treating Type I diabetes meUitus, which comprises 
20 administering a therapeutically-effective amoimt of melagatran, or a 

pharmaceutically-acceptable derivative thereof^ to a patient in need of such 
treatment. 



15, A method of transplantation of cells, which method comprises flie 
25 adnndnistration of a therapeutically-efifective amount of melagatran, or a 
pharmaceutLcally-acceptable derivative thereol^ to a patient about to be, 
being, or having been, subjected to such tran^lantation. 
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16. A method as claimed in Claim 15, wherein the cells are insulin- 
I»oducing cells or precursors thereof 

17. A mefliod as claimed m Claim 15 or Qaim 16, wherein the cells are 
5 islets of Langeihans. 

18. A method as claimed in Qaim 16, wherein the precursors of insulinr 
producing cells are stem cells. 
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19. A method of engrafting islets of Laagerhans, which method 
comprises administering a therapeutically-effective amount of melagatran, 
or a pharmaceutically-acceptable derivative thereof to a patient about to be, 
being, or having beai, subjected to transplantation of such islets. 



15 20. A mefliod as claimed in Claun 19, wherdn the islets engraft in flie 
liver. 

21. A method of improving insulin-independency m patients having 
Type I diabetes meUitus, which method comprises administering a 

20 therapeutically-efiFeCtive amount of melagatran, or a pharmaceutically- 
acceptable derivative fliereoi; to a patient in need of such iinprovement. 

22. A method of treatment of instant blood-mediated inflammatory 
reaction, which method comprises administering a therapeutically-effective 

25 amount of melagatran, or a pharmaceuticaHy-acceptable derivative hereof, 
to a patient in need of sudi treatment 



23. A method as claimed in any one of Qaims 14 to 22, wherein the 
derivative of melagatran is a prodrog of melagatran. 
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24. A method as claimed in Claim 23, wherein the prodrug is of (be 
formula 

Rl02C-CH2-(^)Cgl-Aze-Pab-OH, 
5 whoein rqiresents linear or branched Cj^ alkyl and the OH group 
replaces one of the amidino hydrogens in Pab. 

25. A method as claimed in Claim 24, wh^in represents methyl, 
ethyl, n-propyl, i-prppyl or t-butyL 

10 

26. A method as claimed in Claim 25, wherein R^ represents ethyl. 

27. A pharmaceutical formulation for use in the treatment of Type I 
diabetes mellitus, which formulation comprises an effective amount of 

IS melagatran, or a pharmaceutically-acceptable dmvative thereof. 

28. Use of melagatran^ or a pharmaceutically-acceptable derivative 
thereof, for the treatment of Type I diabetes mellitus, by administering 
melagatran, or a phammceuticany-acceptable derivative thereof^ to a patient 

20 

29. A kit of parts comprising components: 

(a) a first component comprising melagatran or a pharmaceutically- 
acceptable derivative thereof; and 

(b) a second component compriCTig cells, 

25 which components (a) and (b) are each provided in a form that is suitable 
for administration in conjunction with the other. 



30. A kit as claimed in Claim 29, wherein the cells are insulin-producing 
cells or precursors thereof. 
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31. A kit as claimed in Claim 29 or Claim 30, wherein the cells ate islets 
of Langerhans. 

32. A kit as claimed in Claim 30, wherein the precursors of insulin- 
producing cells are stem cells. 

33 » A kit of parts comprising: 

(I) one of con4>onents (a) and (b) as defined in any one of Cla]n:is 29 to 32; 
together with 

(U) instructions to use &at component in conjunction with the other of the 
two components. 

34. A formulation^ use or kit as claimed in any one of Claims 27 to 33 
(as sqpprc^riate), wherein the derivative of melagatran k a prodrug of 
melagatran. 

35. A formulation, use or kit as claimed m Claim 34^ wh^em the 
prodrug is of the formula 

Rl02C-CH2<Jf)Cgl-Aze-Pab-OH, 
wherein represents linear or branched Ci^ alkyl and the OH group 
replaces one of the amidino hydrogens in Pab. 

36. A foraiulation, use or kit as claimed in Claim 35, wherein 
represents methyl, ethyl, n-propyl, i-pr(q3yl or t-butyl. 

37. A formulation, use or kit as claimed in Claim 36, wheiein R^ 
represents eAyl. 
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38. A melhod of making a kit of parts as defined in any one of Claims 29 
to 32, whidi mefliod comprises bringing a component (a), as defined in any 
one of Claims 29 to 32, into association wifli a component (b), as defined in 
any one of Claims 29 to 32. thus rendering flie two components suitable for 
administration in conjunction with each otfaor. 
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ABSTRACT 

According to the invention there is provided the use of melagatran, or a 
phaxmaceutically-acceptable derivative thereof, for flie manu&ctuie of a 
5 medicamrat for ttie treatment of Type I diabetes. 



Figure 1 



